Genomically imprinted loci are expressed mono-allelically dependent upon the 6 parent of origin. Their regulation not only illuminates how chromatin regulates gene 7 expression but also how chromatin can be reprogrammed every generation. Because of 8 their distinct parent of origin regulation, analysis of imprinted loci can be difficult. Single 9 nucleotide polymorphisms (SNPs) are required to accurately assess these elements 10 allele-specifically. However, publicly available SNP databases lack robust verification, 11 making analysis of imprinting difficult. In addition, the allele-specific imprinting assays 12 that have been developed employ different mouse strains, making it difficult to 13 systemically analyze these loci. Here, we have generated a resource that will allow the 14 allele-specific analysis of many significant imprinted loci in a single hybrid strain of Mus 15 musculus. This resource includes verification of SNPs present within ten of the most 16 widely used imprinting control regions and allele-specific DNA methylation assays for 17
Introduction 21
Genomically imprinted loci, which are expressed mono-allelically dependent 22 upon their parent-of-origin, highlight how DNA methylation and chromatin structure can 23 regulate gene expression (Bartolomei and Ferguson-Smith 2011) . For example, many 24 of the chromatin mechanisms that regulate imprinted loci are involved in other contexts, 25 including cancer biology and stem cell reprogramming. In addition, alterations at 26 multiple imprinted loci can be used as a readout of global epigenetic misregulation. As a 27 result, there is an increasing need to assay multiple imprinted loci in different mouse 28 models. In this resource paper, we provide a streamlined resource for assaying the 29 methylation status of a number of the most studied imprinted genes in a single hybrid 30 strain background. 31 To date, approximately 150 imprinted genes have been identified in mice and 32 about 100 in humans (Gregg et al. 2010; DeVeale et al. 2012 ; Kelsey and Bartolomei 3.5mM and 4.5mM) paired with 3 different concentrations of DMSO (0%, 1.5% and 5%). 114 In addition, primers were optimized across a temperature gradient. Primer sets, 115 polymorphisms, and optimal PCR conditions for each gene are listed in the individual 116 figures. Of note, because of the difficulty in finding primer sequences in highly CpG rich 117 regions that do not contain a CpG dinucleotide, many of the primers contained 118 suboptimal base composition and/or did not match the annealing temperature of the 119 other primer used in the reaction. As a result, several of the optimized PCR protocols 120 contain relatively large numbers of cycles to enable the amplification of a product. The 121 BiQ Analyzer program was used for the analysis of bisulfite converted sequences. 122 During the bisulfite analysis, depending on the choice of primers, two different DNA 123 strands will lead to two different sequencing results. Some of the genes we report here 124 were surveyed on the opposite strand of the gene assembly and therefore have a 125 reversed order of their SNPs compared to the databases. These genes are shown with 126 their chromosome location number in reverse order from high to low and this is noted in 127 the corresponding figure legend.
Grb10, H19, Igf2r, Impact, Lit1/ Kcnq1ot1, Mest/Peg1, Peg3, Peg10, Snrpn, and 137 Zac1/Plagl1. These ICRs also had well-defined locations in the genome and are 138 associated with differentially methylated regions that allowed us to probe their 139 methylation status via bisulfite analysis. We then utilized the UCSC Genome Browser in 140 conjunction with dbSNP to determine reported SNPs within a 10kb window surrounding 141 and including the ICRs, and these SNPs were then crosschecked against the European 142 database, as well as the Sanger database to determine their presence in specific strain 143 backgrounds. Following this in silico analysis, we designed bisulfite specific primers to 144 the regions of interest (Table S1 ). These regions were under 1kb and were within our 145 10kb defined window, including a significant portion of the ICR and at least one SNP.
146
The bisulfite primers could not contain any CpG dinucleotides, reducing the availability 147 of genomic regions to amplify. Bisulfite primers were optimized on bisulfite converted 148 DNA (detailed in Methods). After optimization, bisulfite PCR was performed on a B6 149 female and a CAST male, along with the hybrid progeny resulting from the mating.
150
Reported SNPs were compared in B6 and CAST sequences. If validated in this initial 151 comparison, further validation was performed via analysis of the methylation status in 152 hybrid B6/CAST progeny.
153
Using this workflow, we validated SNPs in all ten ICRs and identified PCR 154 conditions for the analysis of each. The relevant details are reported for each gene 155 below.
we validated one SNP out of 23 reported SNPs from the dbSNP and European 239 databases ( Figure 9D ). One of the SNPs that was not validated was an unnamed SNP 240 from the European database. The validated SNP is within a 663bp region that contains 241 54 CpG residues ( Figure 9A ). This polymorphic base is a C in the B6 background and 242 an A in the Castaneus background ( Figure 9B ). Peg10 is methylated on the maternal 243 allele and unmethylated on the paternal allele. This methylation pattern was correctly 244 observed in the hybrid progeny using our optimized assay ( Figure 9C and 9E).
246
Snrpn is regulated by an ICR on chromosome 7 ( Figure 10A ). Within our probed region, 249 we validated four SNPs out of 11 reported SNPs from the dbSNP database 250 (Figure10D). We also identified a novel SNP that is not present in any of the three 251 databases. All five of the validated SNPs are within a 356bp region that contains 16 252 CpG residues ( Figure 10A ). These polymorphic bases include (1) a T in the B6 253 background and an G in the Castaneus background. This is the novel SNP that we 254 identified.
(2) a TTT in the B6 background and a deletion in the Castaneus background,
255
(3) a T in the B6 background and an A in the Castaneus background, (4) a G in the B6 256 background and an A in the Castaneus background, and (5) a G in the B6 background 257 and a T in the Castaneus background ( Figure 10B ). Snrpn is methylated on the 258 maternal allele and unmethylated on the paternal allele. This methylation pattern was 259 correctly observed in the hybrid progeny using our optimized assay ( Figure 10C 
Zac1/Plagl1
Zac1/Plagl1 is regulated by an ICR on chromosome 10 ( Figure 11A ). Within our probed 265 region, we validated one SNP out of 11 reported SNPs from the dbSNP and European 266 databases (Figure11D). The unnamed SNPs are not found in the dbSNP. The validated 267 SNP is within a 578bp region that contains 33 CpG residues ( Figure 11A ). This 268 polymorphic base is an A in the B6 background and a G in the Castaneus background 269 ( Figure 11B ). Zac1 is methylated on the maternal allele and unmethylated on the 274 Of the SNPs that we analyzed we were able to validate 18, while we failed to 275 validate 75 SNPs within those same regions (Table 1 , red). In addition, a further 28 of 276 them were C/T polymorphisms that bisulfite analysis was unable to differentiate (Table   277 1, blue). We also identified a SNP in the Snrpn ICR, which was not present in any of the 278 three databases (Table 1, orange) . Furthermore, during our optimization we failed to 279 validate multiple SNPs that lie outside of our bisulfite primers. These SNPs are reported 280 in Figure S1 . Among the many SNPs reported in the dbSNP database that we failed to 281 verify, most were identified as SNPs between strains other than CAST in the Sanger 282 database. In the end, we could only find one SNP that was supposed to show a 283 polymorphism based on the reported data but did not in our experiments ( SNPs, we have optimized allele-specific DNA methylation assays that will allow for the 293 rapid analysis of multiple imprinted loci in a variety of contexts, including at several ICRs 294 that are not contained within the Sanger database. This resource will enable the 295 systematic analysis of multiple imprinted genes in a number of potential applications.
Summary of work
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Potential applications 298 As this resource offers extensive and straight-forward assays to interrogate the 299 most commonly studied imprinted loci, it can be utilized across a number of fields.
300
There are two major instances where we envision the utility of this resource. First, cases 301 where a regulatory mechanism directly interacts with multiple imprinted loci. Second, 302 cases where a mechanism either indirectly regulates many imprinted loci, or affects 303 multiple imprinted loci by generally disrupting the epigenetic landscape.
304
Recently, a number of proteins have been demonstrated to directly regulate 305 multiple imprinted loci. These include, but are not limited to, Dnmt3l, Dnmt1, Lsd2, 306 Trim28, Zfp57, and Tet1/2, each with a different mechanism of action (Bourc'his et al. of DNA methylation at maternally imprinted loci is the histone demethylase Lsd2. 314 Mechanistically, Lsd2 is required to remove H3K4 methylation in order to get proper 315 DNA methylation at imprinted loci including Mest, Grb10, and Zac1 (Ciccone et al. 2009; 316 Lei et al. 2009; Fang et al. 2010; Zhang et al. 2012; Stewart et al. 2015) . Furthermore, Igf2r 17 12,742,517 rs245573738 Igf2r 17 12,742,538 rs216289274 Igf2r 17 12,742,554 rs234366750
12,972,845 rs29925054
12,972,852 rs235629089
12,972,910 rs223891728
12,972,960 UNNAMED
12,972,968 rs240274686
12,973,031 rs29558070
12,973,055 rs251991535
13,091,157 UNNAMED A Blue SNPs are C/T (or G/A) variations that Bisulfite sequencing assay can't detect.
Purple SNP is the only inconsistency between our sequencing result (C on B6 background) and the reported Sanger data (G on B6 background). Green nucleotides show the present polymorphism on both assayed backgrounds (B6 and CAST) at reported SNP locations
